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WINDOW EXHIBITING REDUCED SOUND
TRANSMISSION AND METHOD OF
MAKING THE SAME

TECHNICAL FIELD

This disclosure generally relates to windows, especially
those used in aircraft, deals more particularly with a com-
posite polymer window exhibiting reduced sound transmis-
sion.

BACKGROUND

In many applications such as in aircraft, passenger view-
ing windows may be made from optically transparent poly-
mers such as acrylic, rather than glass which is relatively
heavy, brittle and may be difficult to form into complex
shapes. Polymer windows are also desirable for aircraft
applications because they are somewhat flexible and resil-
ient, allowing them to withstand impact loads such as bird
strikes. However, because of their relative flexibility, poly-
mer windows may be more efficient than glass windows in
transmitting sounds outside the aircraft into interior cabin
spaces. Symmetrically shaped polymer windows may be
especially efficient at amplifying and transmitting sound in
the 100-500 Hz frequency range. One solution to the prob-
lem consists of increasing the thickness of the polymer
window, however this solution may be undesirable in some
applications because the increase in window thickness adds
weight to the aircraft.

Accordingly, there is a need for a polymer window that is
effective in reducing sound transmission without substan-
tially increasing its weight, while maintaining the quality of
its optical transparency. There is also a need for a method of
fabricating such a window that is efficient, economical, and
well suited to higher production environments.

SUMMARY

Sound transmission through polymer windows is reduced
by selectively stiffening portions of the window with sub-
stantially transparent glass fibers. The inclusion of glass
fibers in selected regions of the window reduces the radia-
tion and transmission efficiency of the window, resulting in
attenuation of sound transmission, without materially
increasing the weight of the window or degrading its optical
transparency. Optimum regional placement of the glass
fibers to achieve asymmetric stiffening of the window may
be accomplished using an algorithm.

According to one disclosed embodiment, a window is
provided having reduced sound transmission. The window
comprises a substantially transparent polymer window
member, and means for selectively stiffening the window
member over its area to reduce sound transmitted through
the window member. The stiffening means may include
substantially transparent gas fibers that are either embedded
into the window member or into layers of material that are
laminated with the window member. The glass fibers stiffen
different regions of the window.

According to another disclosed embodiment, a window is
provided exhibiting reduced sound transmission. The win-
dow comprises a substantially transparent polymer window
member, and a substantially transparent reinforcement for
stiffening selected regions of the window member. The
selected regions are asymmetrically distributed over the
viewing area of the window member. The reinforcement
includes substantially transparent glass fibers which may be
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embedded into the window member or into one or more
layer of substantially transparent material covering the win-
dow member.

According to a further embodiment, a method is provided
of making a window exhibiting reduced sound transmission.
The method comprises forming a substantially transparent
polymer window member, and selectively stiffening regions
of the window member. The selective stiffening may be
performed by stiffening regions of the window member in an
asymmetric pattern, using substantially transparent glass
fibers. Alternatively, the selective stiffening may include
placing substantially transparent glass fibers in a layer of
substantially transparent material, and covering the window
member with the layer of material. The method may further
comprise determining the regions of the window member
that should be stiffened in order to optimize the reduction of
sound transmitted through the window.

BRIEF DESCRIPTION OF THE
ILLUSTRATIONS

FIG. 1 is an illustration of a perspective view of a portion
of an aircraft fuselage having polymer viewing windows that
exhibit reduced sound transmission.

FIG. 2 is an illustration of a sectional view taken along the
line 2-2 in FIG. 1.

FIG. 3 is an illustration of a perspective view of the
window shown in FIGS. 1 and 2, and depicting one region
of reinforcement.

FIG. 4 is an illustration of the area designated as “A” in
FIG. 3, better showing the reinforcing glass fibers.

FIG. 5 is an illustration of an exploded, perspective view
of the window shown in FIG. 3.

FIG. 6 is an illustration of an exploded, perspective view
of an alternate embodiment of the window showing two
layers containing regions of glass fiber reinforcements.

FIG. 7 is an illustration of a plan view of the window
shown in FIG. 6.

FIG. 8 is an illustration of a sectional view taken along the
line 8-8 in FIG. 7.

FIG. 9 is an illustration of an exploded, perspective view
of another embodiment of a window having three layers
containing regions of glass fiber reinforcements.

FIG. 10 is an illustration of a front view of another
embodiment of the window in which glass fiber reinforce-
ments are integrated into regions of the window member.

FIG. 11 is an illustration of a sectional view taken along
the line 11-11 in FIG. 10.

FIG. 12 is an illustration useful for explaining a technique
for determining the regions of the window to be reinforced
in order to achieve optimized asymmetric stiffening of the
window.

FIG. 13 is an illustration of a flow diagram of one method
of selectively stiffening the polymer window.

FIG. 14 is an illustration of a flow diagram of another
method of selectively stiffening the polymer window.

FIG. 15 is a flow diagram of aircraft production and
service methodology.

FIG. 16 is a block diagram of an aircraft.

DETAILED DESCRIPTION

Referring to FIGS. 1 and 2, the disclosed embodiments
relate to a substantially transparent composite window 20
that exhibits reduced transmission and radiation of sound 24.
In the illustrated embodiment, the window 20 is shown
mounted in the fuselage 22 of an aircraft (not shown) to
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allow passengers to view through the fuselage 22 from an
interior cabin space 26. FIG. 2 illustrates the window 20 as
being a single component, however in practical applications,
the window 20 may comprise an assembly of multiple
components, including an inner and outer window (not
shown) as well as mounting hardware (not shown) and seals
(not shown) used to mount the window 20 within an opening
25 in the fuselage 22.

Sound 24 outside the fuselage 22 may be transmitted
through the window 20 and radiated at 28 into the interior
cabin space 26 where it may be heard at 30 by passengers.
The window is oriented so that the direction of its thickness
“t” is primarily normal to the direction of travel of sound 24
impinging upon the window 20 from sources (not shown)
outside the fuselage 22, causing the window 30 to vibrate.
Normally, the window 20 transmits and amplifies low fre-
quency sounds at its lower resonant frequencies. In accor-
dance with the disclosed embodiments, the window 20 is
selectively stiffened over its viewing area 36 by regional
reinforcements (not shown in FIGS. 1 and 2) later described.
This selective stiffening results in passive tuned vibration
absorbsion and sound radiation reduction from the vibrating
window 20.

Attention is now directed to FIGS. 3-5 which illustrate
one embodiment of a window 20 exhibiting reduced sound
transmission. In this example, the window 20 is a composite
laminate comprising a substantially transparent window
member 32 and a composite laminate ply or layer 38
laminated to and covering substantially the entire viewing
area 36 of the window member 32. The window 20 is
generally rectangular in shape in the illustrated embodiment,
however a variety of other shapes are possible. The opposite
faces 35 of the window 20 may be curved as shown in FIG.
3, or they may be flat, depending upon the application. Both
the window member 32 and the layer 38 may comprise a
polymer such as, for example and without limitation,
acrylic, that is substantially transparent. As used herein,
“substantially transparent” means materials that are opti-
cally transparent as well as those that are somewhat trans-
parent, and those that are translucent. Thus, in some appli-
cations, the window 20 may have some amount of color,
rendering it semi-transparent or translucent rather than com-
pletely transparent. The thicknesses of the window member
32 and layer 38, T, T, respectively, will vary with the
application, however in one practical example, a layer 38
between approximately 0.01 and 0.1 inches thick was suit-
able for use with a window member 32 having at thickness
of approximately 0.4 inches. In the example shown in FIGS.
3-5, only a single layer 38 is laminated to a face 35 of the
window member 32, however as will be discussed below,
more than one layer 38 may be desired or necessary in some
applications.

The composite layer 38 comprises a matrix material that
is compatible with the window member 32 and includes one
or more reinforcing regions 34 that function to selectively
stiffen the window member 32 over its viewing area 36. The
selective stiffening of the window member 32 may reduce
the acoustic coupling of the window 20 to the interior cabin
space 26 which is defined by the modal sum of the out-of-
plane deflection of the window motion and the local acoustic
pressure. This acoustic coupling is directly related to the
efficiency or effectiveness of the window 20 in transmitting
sound 24 from outside the fuselage 20 to the interior cabin
space 26. In accordance with the disclosed embodiments, the
window member 32 is selectively stiffened over its viewing
area 36 by introducing substantially transparent, relatively
high strength glass fibers 40 into the matrix material forming
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the composite layer 38, in one or more regions 34 where
reinforcement is required to achieve the desired stiffness.
The glass fibers 40 may be randomly oriented, as shown in
FIG. 4, generally within planes (not shown) that are parallel
to each other so that they resist out-of-plane deflection of the
window member 32 in the region 34 of reinforcement.
Additional details of a glass reinforced composite suitable
for use as the composite layer 38 and method of making the
composite is disclosed in U.S. Pat. No. 5,665,450 issued
Sep. 9, 1997, the entire disclosure of which is incorporated
by reference herein.

In the example shown in FIGS. 3-5, the reinforcement
region 34 is off-center within the viewing area 36, conse-
quently the achieved stiffening of the window member is
asymmetric. For sake of simplicity, only a single reinforce-
ment region 34 is shown in FIGS. 3-5 covering the entire
viewing area 36 of the window member 32, however as will
become apparent below, the window member 32 may be
stiffened in a plurality of regions 34 which collectively form
an asymmetric pattern that is optimized using a later dis-
cussed algorithm. Also, in some embodiments, the layer 38
may not cover the entire viewing area 36, but rather may
cover only a portion of the viewing area 36. In those cases
where the window 20 may have some amount of color, e.g.
color tinting, the glass fibers 40 may have the same color as
the window 20 so that the fibers 40 will not be readily
visible.

FIGS. 6-8 illustrate another embodiment of the window
20 comprising a window member 32 sandwiched between
two laminated layers 38, 42 respectively having reinforcing
regions 34, 44 located in differing areas of the viewing area
36 after the window 20 is assembled.

FIG. 9 illustrates a further embodiment of the window 20
comprising three layers 38, 42, 46 that cover and are
laminated to the window member 32. In this example, the
laminate layers 38, 42, 46 have respective reinforcing
regions 34, 44, 48 that cover corresponding regions of the
window member 32 and are all asymmetrically arranged
over the viewing area 36. Although not shown in the Figures,
more than 3 layers 38, 42, 46 may be employed to selec-
tively stiffen areas of the window member 32 by building up
reinforcing regions 34, 44, 48 on a layer-by-layer basis to
achieve the desired stiffening pattern over the viewing area
36.

In the examples previously discussed in connection with
FIGS. 3-9, the stiffening provided by the reinforcing regions
54 (FIG. 12) was effected through a form of post-processing
in which the layers containing the reinforcement are lami-
nated to the window member 32 after the window member
32 has been manufactured. However, the selective stiffening
may instead be achieved by an in situ process, and in this
connection attention is now directed to FIGS. 10 and 11
which illustrate another embodiment of the window 20. In
this example, an asymmetric pattern of reinforcing regions
34, 44, 48 is achieved by layering glass fibers 40 within the
window member 32 in situ, as the window member 32 is
being manufactured. In the illustrated example, the rein-
forcement regions 34, 44, 48 are embedded at different
levels within the window member 32, and each of the
reinforcement sections 34, 44, 48 may have differing depths,
D,, D,, D, respectively. However in other embodiments,
two or more of the reinforcing regions 34, 44, may be
embedded at the same level within the window member 32
and/or may have the same depths.

FIG. 12 illustrates a pattern 50 that may be mathemati-
cally developed using a suitable algorithm (not shown) for
determining the regions 54 that should be reinforced in order
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to asymmetrically stiffen the window 20 to minimize acous-
tic coupling of sound 24 through the window 20. In this
model, the window 20 is divided into rectangular segments
52 which the algorithm uses to determine the regions 54 that
should be selectively stiffened in order to minimize the
acoustic coupling.

Referring now to FIG. 13, a method of making a polymer
window exhibiting reduced sound transmission is shown,
which begins at step 56 in which a polymer window member
is produced from a suitable polymer material, such as
acrylic, according to a desired shape, thickness and curva-
ture. At step 58, the regions 54 (FIG. 12) of the window 20
that are to be reinforced in order to minimize acoustic
coupling are determined, using a suitable algorithm, or other
techniques. Next, at step 60, one or more layers, e.g. 38, 42,
46 (FIG. 9) of a polymer material are formed, including
placing substantially transparent glass fibers in or on the
layers in the regions 54 that were determined in step 58.
Finally, at step 62, the reinforcement layers (38, 42, 46) and
the window member 32 are laminated together.

FIG. 14 illustrates an alternate method of making the
embodiment of the window 20 shown in FIGS. 10 and 11 in
which the substantially transparent glass reinforcing fibers
40 are embedded within the window member 32. Beginning
at step 64, the optimum regions 54 for fiber placement on the
window 20 are determined using a suitable algorithm, or
other means. Next, at step 66, multiple layers of a suitable
acrylic are formed while, at step 68, substantially transparent
glass fibers are placed on or in one or more of the layers
within the regions 54 determined in step 64. The process of
forming additional layers at 66 and introducing glass fibers
40 into the appropriate regions at step 68 is repeated until the
entire desired thickness of the window 20 is achieved.

Referring next to FIGS. 15 and 16, embodiments of the
disclosure may be used in the context of an aircraft manu-
facturing and service method 70 a shown in FIG. 15 and an
aircraft 72 as shown in FIG. 16. During pre-production,
exemplary method 76 may include specification and design
74 of the aircraft 72 and material procurement 76. During
production, component and subassembly manufacturing 78
and system integration 80 of the aircraft 72 takes place, in
which the disclosed window 20 may be installed on the
aircraft 72. Thereafter, the aircraft 72 may go through
certification and delivery 82 in order to be placed in service
84. While in service by a customer, the aircraft 72 may be
scheduled for routine maintenance and service 86 (which
may also include modification, reconfiguration, refurbish-
ment, and so on).

Each of the processes of method 72 may be performed or
carried out by a system integrator, a third party, and/or an
operator (e.g., a customer). For the purposes of this descrip-
tion, a system integrator may include without limitation any
number of aircraft manufacturers and major-system subcon-
tractors; a third party may include without limitation any
number of vendors, subcontractors, and suppliers; and an
operator may be an airline, leasing company, military entity,
service organization, and so on.

As shown in FIG. 15, the aircraft 72 produced by exem-
plary method 70 may include an airframe 88 with a plurality
of systems 90 and an interior 92. The disclosed windows 20
may be installed in a fuselage forming part of the airframe
88. Examples of high-level systems 90 include one or more
of a propulsion system 94, an eclectrical system 96, a
hydraulic system 98, and an environmental system 100. Any
number of other systems may be included. Although an
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aerospace example is shown, the principles of the invention
may be applied to other industries, such as the marine and
automotive industries.

The window embodied herein may be employed during
any one or more of the stages of the production and service
method 70. For example, components or subassemblies
corresponding to production process 78 may be fabricated or
manufactured in a manner similar to components or subas-
semblies produced while the aircraft 72 is in service. Also,
one or more of the windows 20 may be utilized during the
production stages 78 and 80, for example, by substantially
expediting assembly of or reducing the cost of an aircraft 72.
Similarly, one or more embodiments may be utilized while
the aircraft 72 is in service, for example and without
limitation, during maintenance and service 86.

Although the embodiments of this disclosure have been
described with respect to certain exemplary embodiments, it
is to be understood that the specific embodiments are for
purposes of illustration and not limitation, as other varia-
tions will occur to those of skill in the art.

What is claimed:

1. A window having reduced sound transmission, com-
prising:

a substantially transparent polymer window member, hav-
ing a perimeter, a thickness, opposing parallel window
surfaces, and a viewing area within the perimeter; and

a plurality of discrete, generally planar, transparent rein-
forcement regions, connected to the window member,
that are (i) parallel to the window surfaces, and (ii)
asymmetrically located away from the perimeter within
the viewing area, the reinforcement regions selectively
asymmetrically stiffening the window member to trans-
mitted therethrough, wherein each of the transparent
reinforcement regions extends through less than the
thickness of the window member, wherein the trans-
parent reinforcement regions are non-overlapping
along a plane corresponding to the viewing area, and
wherein the transparent reinforcement regions are non-
overlapping along a cross-section plane corresponding
to the thickness of the window member.

2. The window of claim 1, wherein the transparent rein-
forcement regions comprise substantially transparent glass
fibers.

3. The window of claim 2, wherein the glass fibers in each
reinforcement region are randomly oriented.

4. The window of claim 1, wherein at least one of the
transparent reinforcement regions are embedded in the win-
dow member.

5. The window of claim 4, wherein the at least one of the
embedded transparent reinforcement regions comprises
reinforcement at multiple discrete reinforcement regions
embedded at multiple positions relative to the thickness of
the window member.

6. The window of claim 1, wherein the transparent rein-
forcement regions comprise a first layer of material covering
at least a portion of a first one of the window surfaces.

7. The window of claim 6, wherein the transparent rein-
forcement regions include a second layer of material cov-
ering at least a portion of a second one of the window
surfaces.

8. A window for an aircraft fuselage, comprising:

a substantially transparent polymer window member, con-
figured to mount in an aircraft fuselage, having a
perimeter, a thickness, opposing parallel window sur-
faces, and a viewing area within the perimeter; and

a plurality of discrete, generally planar, transparent rein-
forcement regions, connected to the window member,
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that are (i) parallel to the window surfaces, and (ii)
asymmetrically located away from the perimeter within
the viewing area, the reinforcement regions selectively
asymmetrically stiffening the window transmitted
therethrough, wherein each of the transparent rein-
forcement regions extends through less than the thick-
ness of the window member, wherein the transparent
reinforcement regions are non-overlapping along a
plane corresponding to the viewing area, and wherein
the transparent reinforcement regions are non-overlap-
ping along a cross-section plane corresponding to the
thickness of the window member.

9. The window of claim 8, wherein the transparent rein-
forcement regions comprise substantially transparent glass
fibers.

10. The window of claim 9, wherein the glass fibers are
randomly oriented within the respective reinforcement
region.

11. The window of claim 8, wherein at least one of the
transparent reinforcement regions are embedded in the win-
dow member.

12. The window of claim 11, wherein the at least one of
the embedded transparent reinforcement regions comprises
reinforcement at multiple discrete reinforcement regions
embedded at multiple positions relative to the thickness of
the window member.

13. The window of claim 8, wherein at least one of the
reinforcement regions comprises a first polymer lamination,
overlying and bonded to a first one of the opposing window
surfaces.

14. The window of claim 13, wherein the at least one of
the reinforcement regions includes a second polymer lami-
nation, overlying and bonded to a second one of the oppos-
ing window surfaces.
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15. A method of making a window exhibiting reduced
sound transmission, comprising:

forming a substantially transparent polymer window

member having a perimeter, a thickness, opposing
parallel window surfaces, and a viewing area within the
perimeter; and

connecting the window member to a plurality of discrete,

generally planar, transparent reinforcement regions that
are (i) parallel to the window surfaces, and (ii) asym-
metrically located away from the perimeter within the
viewing area, the reinforcement regions window mem-
ber, wherein each of the transparent reinforcement
regions extends through less than the thickness of the
window member, wherein the transparent reinforce-
ment regions are non-overlapping along a plane corre-
sponding to the viewing area, and wherein the trans-
parent reinforcement regions are non-overlapping
along a cross-section plane corresponding to the thick-
ness of the window member.

16. The method of claim 15, wherein selectively stiffening
regions of the window member includes embedding sub-
stantially transparent glass fibers into the window member.

17. The method of claim 15, wherein selectively stiffening
regions of the window member includes:

placing substantially transparent glass fibers in a layer of

a substantially transparent material; and

laminating at least a portion of one of the window surfaces

with the layer of material.

18. The method of claim 15, further comprising deter-
mining portions of the window member that should be
stiffened to optimize the reduction of sound transmitted
through the window member, wherein the reinforcement
regions collectively form an asymmetric stiffening pattern.
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